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Abstract
The synthesis of 3,4-diazabicyclo [4,4,1 ] undecapentaene (1)
and 3,4,8,9-tetraazabicyclo [4,4,1] undecapentaene (2) had been attemp-
ted. Two methods are employed for the purposes: (i) Diels-Alder react-
ion using azodicarboxylate as dienopile and, (ii) condensation of appro-
.priate carbonyl compoundswith hydrazine.
To approaching (1), Scheme I was followed. However, the
preparation of an intermediate, 1 , 6-dimeth lene-cycloheptadiene (1 1 )
was unsuccessful. The Scheme II towards the oxa-derivative of (1) was
then attempted. However, on oxidation of 3,4-diaza-11-oxa-bicyclo
[4,4,1) undec a-1 (10) , 6 , 8-triene (43) with red mercuric oxide gave an
azo compound(44) which decomposed rapidly. The resultant tetraene (46)
was trapped as 1 ,'(-di-(bromomethyl)-oxepin (47) by bromine. The route
towards (1) was also carried out according to Scheme IV. However,
condensation of cycloheptatriene-1, 6-dialdehyde (31) gave only the bis-
hydrazone (55) and 3,4,13,14-tetraaza-tricyclo [14,4,1 , 16911 1 1(20),29
.4,6,t3,10, 12,14, 16,18-docosa-decaene (56). The reaction of (31) with
other nucleophiles had also been investigated. 2,3-benzo-1,4-diaza-
6 ,1 1-methano [12) annulene (64) was obtained in small yield when (31)
was condensed with phenylenediamine.
To approaching (2), Scheme III was followed. However, on
allylic bromination of 1,2-dicarbethoxy-4,5-dimethyltetrahydropyrida-
zine (24) with N-bromosuccinimide, only the 4,5-dibromide (54) was ob-
tained. The dibromide was useless for the preparation of (2) and thus
the Scheme III was abandoned. Towards the tetramethyl derivative of
(2), 3,5-diacetyl-heptane-2,6-dione (73) was condensed with hydrazine
3according to Scheme V. However, only the bis-4-(3,5-dimethylpyrazolyl)-
methane (79) was obtained. The carbonyl compound was then changed to
such that the two methyl groups in (73) were tied back by methylene
groups into a ring. Condensation of hydrazine with bis- (dioxocyclo-
hexyl)-methane (84) gave yellow insoluble solids. Similiar reaction
with bis-(2,6-dioxo-4,4-dimethylcyclohexyl) methane (86) gave compound
(88) and 6 '6 1 -tetrameth l-- 10-diaza-tric clo (9,4,o,o')3 enta-
deca-8,10-diene-4,15-dione (89). Reaction of (89) with anhydraous hy-
drazine gave small yield of 3,5:8,10-di-(2',2'-dimethyltrimethylene)-
1 , 2, 6, 7-tetraaza-4, 9-methaiio [io] annulene(91) .
SECTION I INTRODUCTION -- Annulenes,
azaannulenes , bridged annulenes,
and bridged azaannulenes .
1For over a hundred and sixty years chemists have been intri-
gued by a group of organic compoundswhich had been described as aro-
matic • Since the structure of benzene was proposed by Kekule in: 1b651
chemists have been speculating whether benzene is unique in its aroma-
tic properties:or whether higher homologues of cyclic conjugated poly-
enes would show similar aromatic behaviour. In 19119 Willstatter192
synthesized cyclooctatetraene and showed that it is not aromatic but
possesses properties resembling a polyene. It was not until 1931 that
Huckel, based on molecular orbital calculations, predicted that those
conjugated monocyclic polyenes with (4n+2) W- electrons may have pro-
perties similar to those of benzene whereas those 4n IC-electrons will
exhibit properties similar--to cyclooctatetraene 3
The consequence of It-electron delocalization in conjugated
cyclic polyenes, or 'annulenes',with (4n+2) out-of-plane Ac-electrons
is to sustain a diamagnetic ring current when placed in an applied mag-
netic field. Such diamagnetic ring current will lead to a shielding
of the inner protons and deshielding of outer protons in the annulenes .
This is most easily detected by the N.M.R. spectroscopy. Those annul-
enes showing this properties.are then called aromatic (diatropic). Con-
versely, annulenes containing 4n out-of-plane re-electrons should sustain
a paramagnetic ring current which has an opposite effect. They are call-
ed anti-aromatic (paratropic). Those which do not show any of these
properties are called non_-aromatic .4' 5
Since this research work aims at the synthesis of some brid-
ged azaannulenes. A brief survey of the synthesis and properties of
2annulenes, azaannulenes, bridged annulenes and bridged azaannulenes
will be appropriated here.
Since 1960's, large annulenes had been successfully prepared
by Sondheimer and his co-workers. His method involves oxidative coup-
ling of acetylenes' as the key step in ring formation. The cyclic com-
pound is then transformed to dehydroannulene by prototropic rearrange-
ment. Finally, catalytic hydrogenation leads to the required annulene.
By this , method [14]to [24) annulenes had been successively prepared 6-1o
Another general method to annulenes involves electrocyclic
ring opening of unsaturated polycyclic compounds. The reaction is
essentially a valence tautomerization. By this method, [io] , [14) and
[i6j annulenes had been obtained 1 1-15
Most of the higher annulenes and dehydroannulenes are highly
coloured crystalline substances. They are relatively stable at room
temperature in solution, but decompose readily in the solid state.
Their N.M.R. data are summarized in the following table.




[10]- annulene 5.66 - 5.84a
[12]- annulene 7.8(inner),5.8 (outer)b
[14]- annulene 0.0 (inner), 7.6 (outer)c
5.58











-1.8 (inner), 9.9 (outer)d
4.55f
Not knowng






a. mixture of all-cis and mono-trans- isomers, b. at -170°
c. at -60°, d. at room temperature, e. at -110°
f. at 110°, g. dehydraaonulenes are prepared and shown to be
paratropic,16 h. at -90° i. dehydroannulenes are pre-
pared and shown to be diatropic16
From the above table, it can be seen that, with the exceptior
of [10] annulene, all (4n+2) conjugated carbocycles are aromatic, and
all the 4n analogues are either anti-aromatic or non-aromatic as pre-
dicted by Huckel's Rule.
The [10]annulene occupies a special position because of
its acute steric strain. Its three configaration isomers -- all cis
(I), mono-trans (II) and di-trans (III) -- are in a dilemma each of its
own.
The decagonal (I) suffers from enormous angle strain. It
is therefore a non-planar cyclic polyene13. For the di-trans isomer
4I II III
(III), though the angle strain is relieved, internal hydrogens inter-
action leads to puckering of the peripheral and so no aromatic proper-
ties should be observable. Though it is still an elusive quarry, in-
direct evidence for its existence had been obtained by photolysis of






The monotrans form (II) has some advantages over both (I)
and (III), however, inspection of the U.V. and N.M.R. spectra indicated
that there is only a minimal conjugation existed in the system18,19.
Dreiding model-indicated that (II) should exist in a puckered, less str-
ained, conformer (IIa).
IIa
5Conclusion may, therefore, be drawn that medium size rings,
such as [10) and [12] annulenes, are governed more by the factors
of strain than electronic consideration. They do not show the proper-
ties predicted by Huckel's Rule. Before discussing Vogel's ingenious
synthesis of methano [1o]annulene in which steric effect of internal
hydrogens is completely eliminated, a short discussion on the subject
of heterocyclic annulenes must be first put forward.
Annulenes which contain nitrogen atoms had been pursued in
tensely. They may belong either to (i) trie pyrrole, or' (ii) the pyri-
pine type
Higher analogues of pyrroles abound, though azepine (V) is
non-aromatic, azonine (VI) had been successfully prepared and was shown
to be aromatic by N.M.R. spectroscopy 20. Two isomers of aza [13] annul-
enes are also known 21,22 p i.e., the di-trans (VIII) and the tri-trans
(IX). Both were obtained from the hydrolysis of the corresponding car-
bamates. The N.M.R. spectrum of (VIII) reveals the presence of three
high field protons at 2.10 - 2.8 ppmwhile that of (XI) at ' 2.78, 3.48 and
4.01 ppm. The heterocycles must have sustained a diamagnetic ring cur-
rent which deshields the inner protons. These compoundsmay, therefore








Interestingly, if the unshared electron pair on the nitrogen
atom is made less readily available such as in Ncarbethoxy derivatives,
e.g.(X) and (XI).The U.V. absorptions shift,: to shorter wavelength,
.the resonance signals of the external ring protons in N.M.R. spectrum
move upfield by 0.5 to 1.5 ppm24.
XIX
A number of aza [17j annulenes had been synthesized 25 All
appear to be polyenic. From the above examples, it can be seen that
Huckel's rule also holds for pyrrole type azaannulenes.
For the type (ii) heterocycles, azocine (XIII) was prepared
by vacuum photolysis of diazabasketene (XII) in 197126 . It turns out
to be more reactive than cyclooctatetraene and retLnifies readily above
- 50°C.













photolysis of diazaprismane (XIV)27 N.I.R. spectrum of (XV ) ahowa
two peaks at 6.08 and 6.93 ppm with intensities 2:1 which fall in ty-






Many attempts had been made to prepare the aza derivatives
of (10] annulene28. Though the transannular steric interaction is likely
to be diminished in comparison to the carboanalogue (III), neither
mono -aza. (XVI) nor diaza (XVII) derivative of [10)] nulene had been




Houghton prepared tetrabenzo-diaza (18] annulene (XVIII) by
condensation of ●●-o-phenylenedi-m-trans-vinylbenzalbenzaldehyde and
8phenylenediamine. Although the. eighteen-membered ring in (XVIII) is
completely conjugated, it-cannot be stabilised by resonance as it in-
volves linkages in the meta-positions of two benzene rings. The absen-
ce of aromatic properties is demonstrated by its U.V. absorption spec-
trum which has max at 284 and 322 nm (E 51,500, 27,900 respectively).




The other macrocyclic nitrogen analogue that had been prepared
so far is octabenzo-hexaaza [26] annulene (XIX)30. The U.V. spectrum
of (XIX) is also closely resembled to that of the starting aldehyde. It is
essentially a conjugated benzene derivative and. a non-planar configur-
ation is assumed. The N.M.H. spectrum shows three peaks at 8.05, 6.42 to
7.66 and 8.45 ppm. It is not helpful in establishing the presence of










Porphin (XX), the parent ring-system of porphyries, can be
regarded as a bridged derivative of the hypothetical 1,10-diaza [18]
annulene (XXI). Porphin had been the subject of many theoretical
studies and had also been synthesised in small yield.31 The N.M.R. spe-
ctrum shows signals at 11.22 ppm assigned to the four meso protons, at
9.93 ppm assigned to the eight protons on the pyrrole rings and at
-4.4 ppm assigned to the N-H protons. Obviously, the system sustains










No simple macrocylic aza-annulenes of type (ii) has been
synthesized so far. Therefore, validity of Huckel's Rule to this type
of compoundsshould await further investigations.
Coming back to the subject of bridged annulenes, Vogel
suggested that transannular steric interaction of the internal hydro-
gene atoms in (III) may be eliminated by methylene bridging. The re-
sulting compoundwould be aromatic if the peripheral p-orbitals can still
be overlapped to a significant extent. His group synthesized 1,6-
methano [10] annulene (XXI) 26-28 from naphthalene and provided a beau-










The low field N.M.R. signal at 7.1 ppm for ring protons and
high field signal at -0.5 ppm for bridged methylene protons provide a
strong evidence for the presence of diamagnetic ring current. Compound
(XXI), moreover, also undergoes electrophilic sunstitutions readily,












Extension of the preparation to the nigher nomo.iogue, i.e.,
bridged [14] annulene had been made. The anti-isomer (XXII), however,
turned out to be a highly reactive yellow polyene. According to the
12
Dreiding model, (XXII) suffers from a severe puckering of the perimeter
as a result of the trans arrangement of the two methano bridges. No
clear evidence for the presence of the diamagnetic ring current was
found from its N.M.R. spectrum as the peripheral ring protons resonated
at the typical vinyl region 35.
XXII XXIII
Preparation Q.f the syn-isomer (XXIII) had been achieved° ' .
The low field signals of the ring protons at '(.1 - '7.9 ppm and the high
field signals of the bridged protons at 0.9 and -1.2 ppm in N.M.H. spec-
trum clearly demonstrated that a strong diamagnetic ring current must
be sustained in the peripheral ring. It is aromatic even though ttie
non-bonded interactions of the methano bridges are very severe. Pro-
panediylidene [14 ]annulene (XXIV), another bridged [i4 ]annulene, had
also been prepared. - It is aromatic and demonstrates properties similar
to those of (XXIII )36 .
Concerning other bridged [14 ]annuienes, Boekelheide et.





N.M.R. spectrum shows low-field signal at 8.5-9.0 ppm and high-
field signal at -5.49 ppm for the peripheral ring protons and bridged
protons respectively.37 The system sustains a strong diamagnetic.
ring current.
Two anti-aromatic bridged annulenes, the 1.7-methano- (XXVI)
and 1,6-methano [12) annulene (XXVII) had been prepared 38,39. The
peripheral ring of the above annulenes is only slightly puckered.
N.M.R. spectrum of (XXVI) shows the bridged protons at 6.06 ppm and
ring protons at 5.2 - 5.5 ppm38. The downfield shift of the bridged
methylene protons and the upfield shift of the ring protons indicate
that a paramagnetic ring current is prevailing.
XXVI XXVII
Transannular bridging is, in principle, equally possible with
atoms other than carbon. Many examples are known. The 9-aza [10]






similar to compound (XXI)40.
Another interesting nitrogen-bridged annulene is cycl[ 3,2,2]
azine (XXIX) which has the nitrogen atom strained to near planarity
with the ring. The low-field N.M.R. signals at 'h2 - 't.9 ppm reveal the
presence of a diamagnetic ring current. Moreover, like benzene, various
aromatic substitutions had been performed on the molecule41.
Cycl [3,3,3) azine (XXX) is the higher homologue of (XXIX),
which could be obtained by a four-step synthesis starting from 4-chloro-
quinolzium salt42. The chemical shift of the ring protons appears at
a very high field of 2.01 and 3.65 ppm. Comparing with the [12 ]annul-
ene -- which has chemical.shift of the outer protons appearing at 5.8
ppm, compound(XXX) represents perhaps a stronger anti-aromatic system.
Bridged aza annulenes are rare until last year. Kaneko et.
al. had found that on irradiation of the tetracyclic N-oxide (XXXI)
and (XXXIII) in ethanol, diaza-oxido [10] annulenes, (XXXII) and
(XXXIV) reapectively, were obtained43.Though the substitution of
two benzo groups makes the situation more complicate, aromaticity of




















ing two vinyl protons on (XXXII) or (XXXIV). An AB quartet at 7.0 -
7.3 ppm (2H) and at 6.9-7.2 ppm (2H) in the N.M.R. spectra of (XXXII)
and (XXXIV) respectively give strong evidence for the presence of
a diamagnetic ring current in the ten-membered ring.
Attempts to prepare simpler aza bridged annulenes, simi-
Iar photochemical reaction on quinoline-N-oxide (XXXV) had been













In 1978, Vogel and his co-workers prepared two simple bridged
aza [10] annulenes45: 2.7-methanoaza [10] annulene (XL) and 10-meth-
oxy-3, 8-methanoaza [10] annulene (XLII). Compound(XL) was prepared
from carboxylic acid (XXXVIII). The key step is a 10-electron-electro-
cyclic reaction of isocyanate (XXXIX). The most convincing evidence
for the structure of (XL) is provided by N.M.R. sper,trum which shows
peaks at -0.4 and 0.65 ppm for the bridged methylene protons, and 6.5-
8.23 ppm for the peripheral vinylic ring protons. It may, therefore,
be described as aromatic because it combines the characteristics of













Beckmann rearrangement of oxime (XLI) as the starting re-
action of a sequence will eventually lead to (XLII). The N.M.R.
spectrum shows bridged methylene protons signals at -0.14 and 0.37 ppm
and ring proton signals at 5.9 - 7.3 Ppm. Vogel et. al. were satisfied













The 10-ethoxy derivative (XLIII) had also been prepared
independently by Gclz et. al.46, employing almost the same approach as
Vogel's. Moreover, the properties of (XLIII) is also resembling to
those of (XLII).
The only diaza bridged annulene reported so far is compound
(XLIV). Details of synthesis and properties are not available but








Though only a few examples are available, annulenes with
nitrogen atoms substituted on the peripheral ring seem to behave
similiar to their carbocyclic analogues. Nonetheless, since most of
the nitrogen analogues of annulenes are still unknown, further inves-
tigations on this topic should be interesting and rewarding.
SECTION II SYNTHETIC PLANS
19
The main aim of the project is to prepare bridged vincinal di-
aza-annulenes, particularly 3,4-diazabicyclo [4,4,1] undecapentaene (1)
and 3,4,8,9-tetraazabicyclo [4,4,1] undecapentaene (2) with the object
of assessing the effect of the diaza linkage on the behaviour of the
compounds in comparison to the parent bridged annulene.
Two routes are proposed for constructing the heterocycles: (a)
via Diels-Alder reaction using azodicarboxylate as dienophile (route I)








A. Route I via Diels-Alder reaction using azodicarboxylate as di-
enophile
Criegee's well-known synthesis of bicyclo [2,1,0]pentane is













as synthetic intermediate41. A [8+2]cycloaddition reaction of 1,6-
dimethyienecyclohepta-2,4-diene (11) had been attempted which will
serve nicely as the starting point of the project48. The entire react-
ion sequence leading to aza-annulene (1) is given in Scheme I. Vogel's











































An alternation way of assembling the bicyclo [441] system
involves the key intermadiate (20) which is really the nitrogen ana-
logue of Vogel' s tetrahydronaphthalene.Scheme II depicts the.




























Tetraaza-annulene (2) may conceivably be synthesized by re-
































B Route II via condensation reactions using hydrazine as nucleo-
phile
Since diaza-annulene (1) may be regarded as an azine deriva-
tive of the parent dialdehyde, it is thus reasonable to have it synthe-
sized by the condensation of hydrazine with a suitable dialdehyde (39) . .
Oxidation of the dialcohol (9) with manganese dioxide would give com-
Pound (31











Similiarly, compound(2) -would also be synthesized by the
condensation of the tetraaldehyde (34) with hydrazine. Oxidation of
alcohols is one of the best way to aldehydes and thus it . would be
reasonable to have (34) prepared by oxidation of the tetra-alcohol (33)










A second method to compound(2) would start with tetraalde-
hyde (36). The essential steps involves the addition of bromine to
azine (37)50 followed by elimination of hydrogen bromide to give annu-
lene (2) as shown in SchemeVI.
25
CHOOHC












SECTION III RESULTS AND DISCUSSION
26
The research work was started with the repetition of Feldmann
and Farrant's work48 on synthesis of (12) according to Scheme I. All
reactions leading to the preparation of (10) gere carried out success-
fully. However, attempt to prepare the tetraene (11) was unsuccessful.
Debromination of the dibromide (10) by zinc gave only the starting
material. The difficulties of the reaction arose from the deactivation
of zinc by moisture. Moreover, compound (11)was claimed to be air-
sensitive and easily polymerized. This made the preparation more diff-
icult.
As compound(12) is also expected to be prepared via Scheme II
effort was then. turned to the preparation of dicarboxylate (20). Pyro-
lysis of. diacetate (18) gave low yield-of 3, 4-dimethylene-cyclohex-
ene (19)51 , which on addition of dimethyl azadicarboxylate gave two
products. They were separated by repeated column chromatography. The
first compoundeluted is identified as (39). N.M.R. spectrum shows
three signals. The singlet at 3.72 ppm corresponds to six methoxy pro-
tons. The two doublets at 5.02 and 4.39 PPm(J = 16 Hz) showing a typ-
ical AX pattern are due to the absorption of four methylene protons. The






The other product is the expected compound (20). N.M.R.
spectrum shows four signals. The singlet at 3.74 ppm corresponds to
six methoxy protons. The singlet at 2.54 ppm corresponds to the four
methylene protons on the cyclohexadiene ring. Two downfield doublets
at 3.77 and 4.20 ppm (J = 16 Hz, AX pattern) are due to the absorpt-
ion of methylene protons adjacent to nitrogen atoms. Finally, the
singlet at '5.72 ppmis due to the absorption. of the two vinyl protons.
Product (39) is believed to arise from (20) by dehydrogenation during
the course of reaction, probably with concomitant reduction of the azo
dicarboxylate,
Recalling Vogel's preparation of [ 10 ] annulene, sodium in
ammonia is used for the dechlorination of XLv) - For this strong
reducing agent, the carboxylate group in (20) will also be reduced to
methyl group and thus the azo group cannot be re-generated. For this
reason, preparation of the oxa-bridge derivative (45) was attempted
first.
0 0




















Oxidation of (20) by m-chloroperbenzoic acid in dichlorometh-
ane gave epoxide (40) as expected. N.M.R. spectrum of (40) shows five
signals. The multiplet at 5.47 ppm corresponds to the two vinylic
protons. The two doublets at 4.35 and 3.70 ppm (J = 15 Hz, AX pattern)
correspond- to two of the four methylene protons adjacent to N-N bond
while the two doublets at 4,13 and 3.99 Ppm (J = 8 Hz, AX pattern)
correspond. to the other two protons. The multiplet at 2.20 - 2.26
Ppm corresponds to the methylene protons of the cyclohexene moiety.
Finally, the singlet at 3.71 ppm is due. to the absorption of the six
methoxy protons.
Bromination of the oxido-compound (40) gave the dibromo de-
rivative (41). N.M.R. spectrum shows four absorptions. The multiplet
at 4.10 - 4.62 ppm corresponds to the two methine protons adjacent to
the bromine atoms. The singlet at 3.80 ppm results from the absorp-
tion of the six methoxy protons. The multiplet*at 3.2 - 4.0 ppm corr-
esponds to the four methylene protons adjacent to the nitrogen atoms.
Finally, the multiplet at 2.2 - 3.0 ppm is the absorption due to the
resonance of the four methylene protons in the carbocyclic six-member-
ed ring.
29
Debromination of (41)-was carried out with 1 ,5-diazabicyclo
[4,3,0) nona-5-ene in sodium dried benzene at refluxing temperature.
:Working up of the reaction mixture gave an acid -- sensitive oil which
on chromatograph with silica gel gave a colourless liquid, with 50%
yield. The N .M.R.• spectrum of the liquid shows. three signals. The
multiplet at 6.30 ppm is corresponded to the four vinyl protons. The
AX absorption at 4.35 to 4.84 ppm (J = 16.5 Hz) is assigned to the four
methylene protons. Finally, the singlet at 3.78 ppm is attributed to
the methoxy protons. The product is therefore oxido-dicarboxylate (42).
U.V. spectrum of (42) showed two bands with maxima at 241.2 nm (E _
3100) and 257.0.nm ( E = 3900). By comparison with (12), which have
U.V. absorption at 255 nm ( £ = 3500)48, it can be concluded that (42)
should have a structure of an oxepin rather than an epoxy form. That
is, the direct product of bromine elimination has undergone a [ 6
n d
electrocyclic ring opening to give (42).
Base hydrolysis of (42) by ethanolic potassium hydroxide
solution gave an air-sensitived product. N.M.R. spectrum of this com-
pound shows three signals. An A2X2 signal at 6.15 and 6.65 ppm corres-
ponds to the four vinyl protons. A.singlet at 4.2 ppm -is-3 due to the
absorption of the methylene protons. Finally, a singlet at 3.05 ppm,
which is D20 exchangeable, is assigned to the hydrazine protons. The
compoundis thus 3,4-diaza-9,10-oxido-bicyclo [4,4,0) decatriene (43).
In order to obtain the azo compound(44), compound(43) was
oxidized in the following step by red mercuric oxide. Evolution of
gases was observed immediately upon mixing of the reactants presum-
30
ably as a result of liberation of nitrogen. The mixture was filtered
and bromine was added to the filtrate. After removal of the solvent,
the residue was chromatographed on silica gel. Cream-coloured solids
were isolated. Structure assignment is based on N.M.R. study. The
singlet at 4.12 ppm corresponds to the four methylene protons. An, A2B2
signal at 6.10 and 6.65 ppm is due to the absorption of the four vin-
ylic protons. The compound is di-bromomethyl-oxepin (47).
The result can be rationalised as follows.. Azo compound
(44) is unstable and undergoes a symmetry allowed [ 8+2 J cyclorever-







Similiar reaction was also observed52. Oxidation of compound
(48) with red mercuric oxide gave an unstable dieter (51) which was iso-












In order to prevent the facile concerted decomposition of
azo compound1,44), addition of bromine to (42) was attempted to dis-
rupt the conjugated system. The reaction, however, led to the forma--:
tion of reddish oil which showed at least six spots on thin layer
chromatography. No further purifications had been carried out.
As an alternative way to attain peripheral conjugation,
preparation: of the tetraene (53) from (42) was attempted. This may be
achieved by N-bromosuccinimide br omination of (42) followed by dehydro-
brcmination of the resulting bromide. However, dark tar was obtained
after working up the brominated mixture. No, conclusive results had






According to SchemeIII, tetraaza-annulene (2) may be synthe-
sized by employing Diels-Alder reaction as key step. Addition of azo-
dicarboxylate to 2,3-dimethyl butadiene gave the expected cyclic
carbamic ester (24). However, when N-bromosuccinimide was refluxed
32
with (24) in carbon tetrachloride, a compoundhad been isolated whose
N.M.R. spectrum is exactly the same as that of the authentic dibromo-
compound (54). An 1,2-addition reaction rather than an allylic subs-






Debromination of (54) led to a colourless oil. The prod-
uct was purified by chromatography. N.M.H. spectrum of the liquid
shows five signals: a double triplet at 1.28 ppm (J = 7.5 Hz, 6H),
a quartet at 4.28 ppm (J = 7.5 Hz, 4H), a triplet at 1.80 ppm (6H),
a quartet at 3.50 and 3.74 ppm (J = 9 Hz, Al system, 2H) and a sin-
glet at 6.50 ppm (1H). Qualitative analysis for the debrominated
product suggests the presence of bromine atom. No structure fitting
the N.M.R. data can be suggested at present. A rather low field
absorption, however, reveals the absence of the required exo-double
bond. The existence of endo-double bond in the product makes further
investigation unnecessary.
33
Effort was then turned to prepare the desired annulene (1)
via condensation of the corresponding aldehydes with hydrazine as
depicted. in Scheme IV. Though preparation of compound(11) is unsuc-
cessful according to Scheme I, diester (8) may be reduced to dialco-
hol (9) which on oxidation, would give the desired dialdehyde (31).
Condensation of (31) with hydrazine hydrate in ethanol un-
der highly diluted ,condition at refluxing temperature afforded
sparingly soluble red solids which presumably are mostly polymeric
materials. The condensation was then carried out at 0°C such that a
milder reaction condition prevailed. Two products were isolated by
fractional crystallization. The first product was identified as
bis-hydrazone (55). N.M.R. spectrum of (55) shows four signals. The
singlet at 3.14 ppm is due to the bridged methylene protons. The
A2X2 signals at 6.20 and 6.60 ppm is assigned to the four vinyl pro-
tons of the l-membered ring. The singlet at 1.44 ppm is assigned to
the vinyl protons in the side chains. Finally, the D2O exchangeable
broad signal at 5t59 ppm is assigned to the hydrazine protons. I.R.
spectrum also shows two broad bands at 3392 and 3284 cm-1, supporting




The other product, althougn having the emirical formula
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of C9H8N2 from the elemental analysis, was found to show a molecular
ion at m/e 288. The product is therefore,a dimer (56) of C9HbN2. The
N.M.R. spectrum of (56) closely resembles (55). The singlet at
3.02 ppm is due to the bridged methylene protons. The A2X2 signals
at 6.30 and 6.70 ppm arm assigned to the vinylic protons of the cyclo-
heptatriene ring. r'inally, the singlet at 7.86 ppm is assigned to the
vinyl protons adjacent to the nitrogen. atoms . Compound(56) is not
aromatic according to Huckel's theory since it belongs to the 4n system.
Neither is it paratropic because the macrocyclic ring cannot maintain
a planar structure. Compound(561) is, in fact, quite unstable and sen-




The reason for the failure in obtaining the monomeric con-
densed product, i.e. azaannulene (1), was thought to be due to the
stereochemical consequence. As the two aldehyde groups are far apart
and pointed to opposite, direction in structure(31 ), they cannot be
bridged by hydrazine molecule.
If the steric factor were the majo.r problem, then this










While compound (31) was in hand, it is interesting to inves-
tigate the preparation of annulenes with larger ring size. This will
further support the above claim that ring closure is possible with
suitable nucleophiles Reaction with urea should give the annulenone
(63) which would be aromatic on the basis of the properties of the
known carbocyc.lic analogue55. However, no condensation products were
found and only starting material was recovered.
Condensation of the dialdehyde (31) with o-phenylenediamime
gave mostly insoluble solids together with a small yield of 2,3-benzo-
1,4-diaza-methano [14] annulene (64). N.M.R. spectrum of (64) shows
four signals. Two singlets at 3.66 and 3.70 ppm are assigned to the
two different bridged methylene protons. AnA2B2 multiplet at 6.90 and
7.40 ppm is assigned to the vinyl protons. The later overlapped with
the phenyl protons at 7.4 - 7.5 ppm. Finally, the singlet at 7.63 ppm









The carbocyclic, analogue of tiie [ 12 1 annulene (XXVII), had
been prepared by Vogel et. al.39 Though a complete N.M.R. spectrum
has not given, a drastic downfield shift is 'reported for the bridged
methylene protons at 7.00 ppm. Obviuosly, a paramagnetic ring current
must be sustained in the system even though it is ion-planar.
However, for our system, no such shift for the bridged methy-
lene protons is. observed. This reveals that our system is not an para-.
tropic system. The main cause of the difference is probably due to the
effect of fusion of the benzo -group to the annuiene. Structure (64)
favours bond fixation as well a5 non-planarity. The situation may be
comparedwith (66). Aromaticity was cjiiiinished-.,` iri: the (101 annulene
ring of (66). The N.M.R. signals of the bridge protons shift 1.7 and
0.5 ppm downfield relative to that in the parent compound. The weaken-
ing of the diamagnetic ring current in compound(66) anticipated as ._a re-
sult of benzo-annelation is thus most clearly demonstrated.
Attempt to synthesis the parent compound(67) was unsuccess-
ful. Reaction of ethylenediamine with dialdehyde (31) afforded an in-
tensely yellow oil. No products could-be isolated as they decbm.po-,
ssed. to give back the starting dialdehyde (31) on chromatography -on
silica gel. However, the N.N.R. spectroscopy of the crude oil showed
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that it was a mixture in which compound(68) was the major product.
Assignment of the signals is as follows. An A2X2 signal at 6.55 and
6.65 ppm is assigned to the four vinyl protons of the ring. The sing-
let at 7.93 ppm corresponds to the two vinyl protons adjacent to the
nitrogen atoms. The broad singlet at 4.63 ppm is assumed to be due to
the absorption of the amino protons. The singlet at 3.23 ppm is assi-
gned to the two methylene protons of the cycloheptatriene bridge.
Finally, the two triplets at 2.91 and 3.59 ppm (J=8 Hz) correspond to






For the preparation of tetraazo [10] annulene (2) via sch-
eme V. the tetra-aldehyde (34) will,he prepared by the oxidation of
tetra-alcohol (33). However, attempts were made to prepare dialdehyde
(70) by oxidation of dialcohol (69)56 with various oxidamts, such as man-
ganese dioxide, chromic anhydride and lead tetraacetate, but all react-
ion turned out to be unsuccessful. Only lactone (71) was obtained 56.
It is believed that the juxtaposition of two aldehyde groups lead to
intramolecular cyclization. As compound(34) vill rani into same diffi-













Effort was then turned to prepare the tetramethyl derivative
(57) according to the modified Scheme Va. The tetraketone (73), in-
stead of aldehyde (36'), was used as the starting material for it is
easily obtainable by condensation of two moles of acetylacetone and



















Brornination of (73) afforded pale yellow needle crystals
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in 35% yield. Unexpectedly, the N.M.K. spectrum indicates the presence
of aromatic protons which should not be found in compound (74). Mass
spectrum shows that the compound has a formula C11H1103Br. The prod-
uct was identified as having structure (76). X.M.R. spectrum !.b- assi-
gned as follows. Two singlets at 2.60 and .2.62 ppm are assigned to the
six methyl protons. The singlet at 2.70 ppm is assigned to the two
methylene protons.. The lowv.field absorptions at 6.94 and 8.36 ppm are
due to the absorption of the two different phenyl protons. Finally,
the off-set D20 exchangeable singlet at 13=09 ppm is assigned to the
phenolic hydroxyl proton. The signal appeared at such a low field re-
veals: that the hydroxyl group is situated at the ortho postion to
an acetyl group. Hydrogen bond formation - j.s favoured and the pro-
ton is highly deshielded. . The absence of coupling of the two aromatic
protons reveals that they are in the para position.




o'v' CH3 o- CH3
76 77
Moreover, the I.R. spectrum shows intense bands at 3280
and 1677 cm-1 which correspond to the 0-H and C=0 stretching respect-
ively. This also supported the hydroxyacetophenone structure. UV spectruu
of (76) -- which has X max at 246.5 nm, 265 nm (sh) , 323 nm -- is close
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related to those of 4,6-diacetyl-m-cresol (77) ( max at 244, 318 nm)58.
The key step leading to (76) is an intremolecular con-
densation catalysed by hydrobromic acid which was generated in situ.
Aromatization then follows. The mechanism is depicted below. Further












































With modified Scheme Va thus blocked, attention was then turn-
ed to Scheme VI for the synthesis of tetraaza-annulene (2). When hyd-
razine hydrate was added to tetra-ketone (73) in ethanol under high
dilution condition, colourless crystals were obtained. Elementary
analysis indicates that this compoundcompo d of 1 mole (73) and two
moles of hydrazine. The structure of the condensation product may
then be either (78a), the desired product or '(?8b), depending upon which









The N.M.R. spectrum of the product shows three peaks. The
singlet at 2.04..ppm is assigned to the twelve methyl protons. The sin-
glet at 3.45 ppm is assigned to the two bridged methylene protons. In
addition a D20 exchangeable peak at-5-10 ppm is revealed. This, clear-
ly, shows that the structure of the product is neither (78a) mor (78b)
Instead, a structure with a hydrogen attacked to a-nitrogen :atom will
be most probable. This points to the presence of 1-H-pyrazole nucleus,
i.e. structure (79). Furthermore, the condensation product is soluble
in hot acids, a property hefits.the basicity of pyrazole derivative
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(79). The downfield shift of all protons in salt (80) substantiates



















79 80 (a=Br; b=Cl)
Compound(79) also reacts with bromine in warm ethanol.
N.M.R. spectrum of the brominated product shows two peaks: a singlet
at 2.09 ppm for the twelve methyl protons, and a singlet at 3.44 ppm
for the two methyl protons. The structure of the brominated product
is then assigned to be dibromide (81). Though bromination of the
1-H-pyrazole systems will usually gives the 3-bromo-derivative, Huttel
et a159 found that bromination of the 3-substituted pyrazole (82), gav










Formation of exclusively (79) instead of (77) from the con-
densation of (73) and hydrazine hydrate is probably the result of both
hydrogen bond stabilization of the..reactant and resonance stabilizat-
ion of the product. Under this circumstance, formation of the five
memberedring definitely prefers over the desired seven-membered. ring.
Hydrogen bonding in (73
The orientation of the carbonyl groups has a drastic effect
on the direction of reaction. If the two methyl groups were tied back
by a methylene into a ring, such as in compound(85) and (87). Then,
they should condense with hydrazine according to SchemeVI.
Condensation of cyclohexane-1, 3-dione (84) with formaldehyde
H3c
N












gave bis-2,6-dioxocyclohexyl methane.(85). N.M.R. spectrum of (85) is
assigned as follows. The triplet at 2.39 ppm (J = 5.5 Hz) is corres-
ponded to the eight methylene protons adjacent to the keto groups. The
triplet at 1.98 ppm (J = 5.5 Hz) is correponded to the other four me-
thylene protons in *4 and 4 positions. Finally, the singlet at 3.08
ppm is due to the absorption of the two bridged methylene protons. No
signal for the methine protons, however, is observed. Compound(85)
may consist of the tetraketo and the enolic form in equilibrium in sol-
ution. Off-set- scanning had been made, but no more signals can be
found in the low field region. This may due to the slow exchanges of
the enolic hydroxyl protons leading to a broadening or collapsing of
the signals. I R. spectrum of (85) shows bands at 2761 , and 1`(80, 1586












The N.M.R. spectrum of (87) is similiar to that of (85)
except a methyl protons singlet at 1.08 ppm, instead of a methylene
triplet at 1.98 ppm for (85).
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Reaction of hydrazine with the tetra-ketone was,carried out
Ln highly diluted condition to minimize the possibility of polymeri-
r,ation. However, compound (85) led to an insoluble polymer only.
For compound (87),reddish tar was obtained on concentrating the re-
action mixture after the condensation. The crude product was chroma-
tographed on silica gel and two products -- compound (88), m.p.155°-












The N.M.R. spectrum of (88) is listed as follows: 1.05 ppm
(s, 12H), 2.04 ppm (s, 4H), 2.16 ppm (s, 2H), 2.25 ppm (s, 4H), 2.65
ppm (bs, 1H), 2.75 ppm (bs, 1H) and.3.24 ppm (bs, 2H). All proton sig-
nals are found to be D2O unexchangeabia No structure fitting these
data can be suggested at present.
The N.M.R. spectrum of (89) showed four signals. The assign-
ment of the protons is as follows. The singlet at 1.06 ppm is corres-
ponded to the twelve .methyl protons. Two. singlets at 2.20 and 2.53 ppm
(8H) are due to the absorption of two different type of methylene pro-
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tons adjacent to carbonyl and imino groups respectively. The singlet
at 3.00 ppm is corresponded to the bridged methylene protons. Finally,
the singlet at 3.25 ppm is assigned to the two methine protons. More-
over, the presence of I.R. band at 1618 cm (C=0 stretching) also
supports the above partial-lyr _ xondensed_structk5re (89) .
Compound(89) was then reacted with one Qquivalent of anhyd-
rous hydrazine in absolute ethanol. After removal of the solvent,
compound(91) crystallized out from the dark red tar in low yield. The
compoundwas identified as tetraazo-methano [10) annulene (91) based
on the N.M.R. spectrum. The singlet at 1.17 ppm is corresponded to the
twelve methyl protons. The singlet at 3.28 ppm is- assigned to the
eight methylene protons o Finally, the singlet at 1.20 ppm is assigned
to the two bridged methylene protons. Obviously, no methine proton
signal is observed. The initial product (90) must have been autooxid-










Further discussion of the relation between N.M.K. data and
properties of (91) seems neccessary. Bridged annulenes which exhibit
aromaticity commonly possess the following N.M.R. characteristics:
downfield shift of the peripheral protons and upfield shift of the
bridged protons. Unfortunately, compound (91) is devoid of ring pro-
tons and the bridged methylene is thus the only one on which judgement
depends. A suitable. model for comparison, however, is hard to find*'
Comparing to tricyclic compound(89), the bridged protons are upfield
shifted by 1.8 ppm but to the parent carbocyclic [10] annulene it-
self, they are 1.7 ppm downfield shifted. However, the curious effect
of the nitrogen . atom in aza-annulene (XL.') - and (XLIII) on the chemical
shift of the bridged protons must be noted. A dovmfield shift of
about 1 ppm regardless of the position of the hetero atom as compared
to the carbocyclic parent compoundis observed. If this effect were
additive, two nitrogen should lower the chemical shift-of the methylene
protons by 2 ppm in (91) to 1.5 ppm and yet the chemical shift of
these protons resonates at 1.20 ppm. Thus a definite upfield shift
of the bridged methylene has occurred indicating that the 10-membered
ring in (91) sustains a diamagnetic current. The compound, therefore,
should be aromatic. It is interesting to point out here that the sig-
nal of the methylene protons in diaza-cycloheptatriene(92) occurs at







The U.V. spectrum of compound(91) is also quite interesting
as it will also show whether the system is a full conjugated system.
The spectrum shows bands with ) max at 259, 267, 276-59 286, 298, 310
nm (log = 3.75, 3.8, 3.75, 3.66, 3.72, 3.66 respectively). The spect-
rum displays the features of an aromatic compound, showing extensive
conjugation and-fine structure. In fact, the spectrum can be looked






The present spectra-data support the conclusion that (91)
is an aromatic compound. Since the two extra methylene chains in the
molecule should not change the aromatic properties drastically, thus,
the parent compound(2) is also expected to be aromatic. However, the
dicarboxylate (XLIV) has been described as fluxional46. This discre-
pancy show that in the peripheral region, aromaticity is critically
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dependent upon minute change in, structure and substitutents. With the
introduction of two carbomethoxy groups, linear conjugation may out-
weigh cyclic conjugation leading to diminishing of aromaticity. An
opposite case had been suggested by Dewar61 and Hoffmann62 whereas the
parent semibuilvene is fluxional, substituted derivatives, such as
(94I) and (95), may be resonance stablised. These two derivatives,





As a conclusion, we can say that though the goal to syn-
thesis of compound(1) and (2) has not been fulfilled, the properties




Melting points were recorded on Buchi electrically - heated
melting point apparatus and are recorded uncorrected. Infrared spectra
were taken with a Beckman IR - 10 spectrophotometer. Ultra-violet
spectra were measured with a Beckman DK - 2A spectrophotometer. N.M.R.
spectra were measured in ppm unit with respect to tetramethylsilane as
internal standard by JEOL 60 - ML Spectrophotometer. Deutericchloro-
form was used as solvent unless otherwise specified. Mass spectra
were taken with a VacuumGenerator VG - 7070 Micromass Spectrophotometer.
Microanalysis were performed by Australian Microanalytical Service,
Division of Applied Organic Chemistry, CSIRO.
1,6-di-(bromomethyl)-cycloheptatriene (10) was prepared by
the method of G.C. Farrent and R. k'eldmann48. 1 , 2-methylene-4-cyclo-
hexene (19) was prepared by the methodof W.J. Bailey and J . .Ro:erburg i
4,5-dimethyl-1,2,3,6,-tetrahydropyridazine-1,2-dicarboxylate (24) was
prepared by the method of B.T. Gillis and P.E. Beck63. Cycloheptatri-•
ene-1p6-dialdehYde (31) was prepared by the method of Be Vogel, et.al.49
3,5-diacetyl-heptane-2,6-dione (73) was prepared by the method of Wil-
son et. al. 57 Cyclohexane-1,3-dione (84) was prepared by the method of
A.N. Kost and L.G. Ovseneva64. Dimethyl azodicarboxylate and diethyl
azodicarboxylate were prepared by the method of . C . Karner6 5 . Zinc
dust was prepared by the methods of (i) K. Tsuda, et. al.66 a, (ii) R. L.
Shriner and F.W. Neumann , and (iii) R.L. Frank and P.V. Smith 6c.
6bb)
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Reaction of 1,6-di-(bromomethyl)-cycloheptatriene (10) with zinc
To a mixture of 0.7 g of zinc dust in 25 ml dried dimethyl
formamide was added a solution of 0.55 g (5 mmol) of 1 , 6-di- (bromo-
methyl)-cycloheptatriene (10) in 15 ml of dried dimethyl formamide
dropwisely under nitrogen atmosphere. The resultant mixture was stir-
red for additional five hours at room temperature. It was then filter-
ed and the filtrate was extracted with two portions of 40 ml pentane
which had previously been purged with nitrogen. The pentane extracts
were combined and washed with water, dried over anhydrous magnesium sul-
phate. Evaporating the solvent gave small amount of oil which turned
out to be impure mixture of the starting dibromide (10) and dimethyl
formamide. Reaction starting with zinc dust prepared by various methods
gave similiar result.
Reaction of 4 95-dimethylenehexene (19) with dimethyl azodicarboxylate
To a solution of 2.U g (20 mmol) of 4, 5-dimethylenehexezie
(19) in 20 ml of chloroform was added - a solution of 3.0 g (21 mmol)
of dimethyl azodicarboxylate dropwisely. The colour of azodicarboxy-
late discharged rapidly. The solvent was concentrated to give yellow-
ish oil. Repeated chromatography on silica gel with dichloromethane-
pet. ether. (1 :1 ) as eluant furnished two colourless oil.
The first product weighed 2.2 g (4176). N,.M.R.: 3.72 ppm
(s, 6H, methoxy), 5.02, 4.39 ppm (AX, J = 16 Hz, 4H, methylene), 7.12
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ppm (A2X2, 4H, phenyl) I ,R. (neat) : 1715 cm (C=O stretching)
M.S.: M+ = 250 (C H N20 requires 250), (M-0CH )+ = 219, (M-C02CH )+_12 14 4 3 3
191. The product was dimethyl 2, 3-diaza-1 , 2, 3, 4-tetrahydronaphthalene-
2,3-dicarboxylate (39)0
The second product weighed 1.5 g (30•x). N.N.R.: 2.45 ppm
(s, 4H, methylene protons adjacent to double bonds), 3.74 ppm (s, 6H,
methoxy), 3.77 ppm, 4.20 ppm (AX, J = 16 Hz, 4H, methylene protons ad-
jacent to nitrogen atoms), 5.72 ppm (s, 2H, vinyl) I.R.: 1708 cm-1
(C=0 stretching) U.V. (95%6 ethanol) : 224 nm (loge = 1.21) M.S.:
M+ = 252 (C 12 H 16N20 4 requires 252), (M-2H) + = 250, (M-0CH3 ) + = 221,
(M-C02CH3)= 193. The product was dimethyl 2 , 3-diaza1-, 2 , 3 , 4 n.5 , 8-
hexahvdronaphthalene-243-.dicarboxylate (20)
Preparation of dimethyl 9 ,10-epoxy-2 , 3-diaza-m 2 3_. 4, 5.8-hexahydronaph-
thalene-2,3-dic:arboxylate (40)
A solution of 2.0 g of 85% m-chloroperbenzoic acid (1 mmol) in
20ml 'of 1 2-dichiloroethane was added slowly to a solution of 2.5g (1
mmol) of compound(20) in 20 ml of dichloroethane. The resultant mix-
ture was then refluxed for overnight. The solution was washed with
10% sodium thiosulphate solution, then with water. The dichloroethane
extract was dried with anhydrous magnesiumsulphate and was concentrated.
Yellow oily residue was obtained which on chromatography over silica
gel with ether-pet-ether (1:1) as eluant furnished a colourless oily
material. The product weighed 1.9 g (72%). N.N.R.: 2.20-2.60 ppm (m,
4H, methylene protons of the cyclohexene moiety), 3.71 ppm (s, 6H, me-
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thoxy), 4.13, 3.99 ppm (AX, 8H, methylene adjacent to N-N bond),
4.35, 3.70 PPm(AX, 15 Hz, 2H, methylene adjacent to N-N bond), 5.47
ppm (m, 2H, vinyl); I.R. (neat). 1720 cm-1 (C=0 stretching) M.S.
M 268 . (C12H16N2O5 requires 268), (M-OCH3)+ = 237, (M-CO2CH3)+ = 209.
The product was compound (40).
Preparation of dimethyl 6,7-dibromo-9,10-epoxy-2,3-diaza-1 , 2, 3, 4.5,8-
napthalene-2,3-dicarboxylate (41)
A solution of 0.8 g (Q.5 mmol) of bromine ' ir..1 5: ml dichloromethane
was added dropwisely to the solution of 1.4 g (0.5 mmol) of compound
(40) in 15 ml of dichloromethane at 0°C. The red colour of bromine
discharged immediately. After completion-of addition o the solution
was allowed to warm to room temperature. The mixture was them washed
with 15% sodium thiosulphate solution to remove excess bromine, then
with water. The dichloromethane portion was then dried with anhydrous
magnesium.sulphate . Evaporation of solvent gave pale yellow oily re-
sidue. Chromatography on silica gel with ether-pet. ether (1:1) as
eluant gave colourless oily material. Recrystallization from ether-
pet. ether gave white solids (m.p. 80-84°C). The product weighed 1.Bg
(85%). N.M.R.: 2.2-3.0 ppm (m, 4H, methylene in the carbocyclic six-
memberedring), 3.2-4.0 ppm (m, 4H, methylene adjacent to the nitrogen
atoms), 3.80 ppm (s, 6H, methoxy), 4.10 - 4.62 ppm (m, 2H, methine)
I.R. (KBr disc) : 17116 cm-1 (C=O stretching) M.S.: M+ = 426 (C12H16N2O5Br2
requires 426), (M+2)+ = 428, (M+4)+ = 430, (M-CO2CH3) + = 367. The pro-
duct was compound(41).
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Preparation of dimethyl 3,4-diaza-11-oxa-bicyclo [4,4,1] undeca-1 (1O),6,8-
triene-3 , 4-disarboxylate(42)
A sample of 1.8 g (0.4 mmol) of compound(41) was dissolved
in 20 ml of sodium dried benzene. A solution of 1.2 g (1.0 mmol) of
1,5-diazabicyclo [4,3,0]nona-5-ene in 15 ml of sodium dried benzene
was added slowly to the refluxing ester solution. After completion of
addition, the solution was filtered and the filtrate was washed with two
portions of 100 ml of water. The benzene layer was dried with anhyd-
rous magnesium sulphate. Concentrating the solution gave brownish oil
Chromatography on silica gel gave a colourless oily material. The
product weighed.0.53g (507).N.M.K.: 3.78 ppm (s,6H, methyl),4.35,
4.84 ppm (AX,J=16.5 Hz, methylene),6.30 ppm(s,4H,vinyl); I.R.:
1720 cm-1: (C=O stretching) M.S.:M =266 (C12H 14 N20 5 requires 266),
(M-CH3)=241. The product was compound (42).
Preparation of 3,4-diaza-11-oxa-bicyclo 14,4,1] undeca-1(1O),6,8-tri-
ene(43)
To a solution of 0.5 g (0.19 mmol) of compound(42) in
50 ml of methanol, a solution of 2.0g of potassium hydroxide in 125
ml of methanol was added under nitrogen atmosphere. The resulting
mixture was stirred at refluxing overnight. The solution was then
concentrated. The residue was dissolved in 25 ml of water and extract-
ed with three portions of >0 ml of chloroform. The chloroform extr-
acts were combined and dried over anhydrous magnesiumsulphate.
Evaporating the solvent gave light yellow oil (2.3g, 79%) which is
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slowly darkened on explosure to air. The next step was therefore
carried out without further purifications. N.M.R.: 3.05 ppm (bs, 2H,
exchangeable with D20, amino protons), 4.2 ppm (bs, 4H, methylene),
6.15, 6.65 ppm (A 2 X 2 , 4H, vinyl) I.R.: 3210 cm-1 (N-H stretching).
The product was compound(43) .
Reaction of 3, 4, diaza-1 1=oxa-bicyclo [4,4,1 I undeca-1 (10) , 6 , 8-triene (43 )
with red mercuric oxide
(a) To a solution of 0.2 g of compound(43) in 25 ml methylene
chloride, 0.3 g of red mercuric oxide was added. After the gas evolu-
tion ceased, the mixture was filtered and the filtrate was concentrated.
An intractabledark tar was obtained.
(b) Repetition of the experiment was carried out except. that
after filtration, the filtrate was treated with a solution of 0.2 ml of
bromine in 5 ml of dichloromethane. The mixture was then washed with
20 ml of 100/6 sodium thiosulphate solution and then with water. The
methylene chloride portion was dried over nnhydrous:magnesium sulphate.
Evaporation of the solvent left a yellowish tar which on trituration
with methanol gave yellow solids. Recrystallization from methylene
chloride-pet. ether gave cream-colored needle-like crystals (m.p. 46-
490C). The product weighed o5 mg (34.5%). N.M.R.: 4.12 ppm (s, 4H,
-1
methylene), 6.10, 6.65 ppm (A2X2, 4H, vinyl) I.R. (KBr): 1615 cm
(C=C stretching) U.V. (95/o ethanol) : 255 nm (log £ = 3.71) M.S. :
M 278 (C 8 . H 8 OBr requires 2'(8) , (M+2)+= 280, (M+4) = 2829 CM-.Br)
199. Analysis: C: 34.10, H 3.33 (CBHSOBr2 requires C 34.32, H:
57
3.08). The product was 1,7-di-(bromomethyl)-oxepin (47).
Bromination of dimethyl 3,4-djaza-11-oxa-bicyclo [4,4,1] undeca-1(10).
6,8-triene-3,4-dicarboxylate (42)
To a solution of 0.35 g (1.3 mmol) of compound(42) in 25 ml
of methylene chloride, a solution of 0.23 g (1-3 mmol) of bromine in
25 ml of dichloromethane was added dropwisely at 0°C. The colour
of bromine disappeared at once. The mixture was concentrated and a
viscous yellow oil was obtained. No less than six spots were observed
on the thin layer chromatography of the product. No further purifi-
cations were attempted.
Reaction of dimethyl 3,4-diaza=11-oxa-bicyclo [4,4,1] uncleca-1(10),6,8
triene (42) with N-bromosucCinimide
A mixture of 0.27 g (1.0 mmol) of (42) and 0.19 g (1.0 mmol)
of N-bromosuccinimide and trace amount of benzoyl peroxide in 50 ml
of carbon tetrachloride was heated under refluxing overnight.. The
solution was cooled and the floating succinimide was filtered. The
filtrate was concentrated and a dark tar was obtained. Purification
by chromatography had been carried out but no conclusive results had
been obtained.
Reaction of diethyl 4,5-dimethyl-1,2,3,6-tetrahydropyridazine-1,2-di-
carboxylate (24) with N-bromosuccinimide
A mixture of 2.3 g (10 mmol) of 4,5-dimethyl-1,2,3,6-tetra-
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hydropyridazine-1, 2-dicarboxylate (24) and 1.9 g (11 mmol) of N-bromo-
succinimide and trace amount of benzoyl peroxide in 50 ml of carbon
tetrachloride was heated under reflux overnight. The solution was
cooled and the floating succinimide was filtered. The filtrate was
concentrated and.yellow solids.were obtained. Recrystallization from
dichloromethane-pet. ether gave 1.1 g of 1,2-dicarbethoxy-4,5-dimethyl-
4.5-dibromo-hexahydropyridazine (54),yield 28%,m.p.89-92°C (lit63
90-92°C).
Dehydrobromination of 1,2-dicarbethoxy-4,5-dimethy1-4,5-dibromohexa-
hydropyridazine (54) with potassium tert-butoxide
To a solution of 0.4 g (1 mmol) of compound(54) in 20 ml
of sodium dried tetrahydrofuran was added d opwisely a solution of
0.67 g (5.5 mnmol) of potassium tert-butoxide in 20 ml of dried tetra-
hydrofuran at room temperature. The mixture was heated under reflux-
ing for three hours. Work-up as usual gave brownish oil Chromato-
graphy on silica gel (dichloromethane-pet. ether, 3:1) furnished a col-
ourless oil, 0.14 g N.M.R.: 1.28 ppm (dt, J = 7.5 Hz, 6H),
4.28 ppm (dq, J = 7.5 Hz, 4H), 1.80 ppm (t, 6H),3.50,3.74 ppm (AX,
J = 9 Hz, 2H, methylene), 6.56 ppm (s, 1H, vinyl). The structure of
the product is unknown.
Reaction of cycloheptatriene-1,6-dicarbaldehyde (31) with hydrazine
hydrate
(a) A solution of 0.05 ml (1.0 mmol) of hydrazine hydrate in
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150 ml-of absolute ethanol (prepared by dilution of a" solution: of 0.5 ml
hydrazine in 50 ml absolute ethanol) was added dropwisely to a reflux-
ing solution of 0.15 g (1.0 mmol) of compound(31) in 100 ml of absol-
ute ethanol. Red solids were precipitated out at about 10 minutes
after the completion of addition. The solids were filtered and found
to be insoluble in most of the solvents* Further investigations were
abandoned.
(b) A 0.15 g (1.0 mmol) sample of compound (31) was dissolved
in 125 ml of absolute ethanol. A solution of 1.0 mmol of hydrazine
hydrate in 50 ml of absolute ethanol (see above) was added dropwisely
to the aldehyde solution at 0°C. The solution was stirred for addition-
al 5 hours at 0°C and then put into a refrigerator overnight. Concentra-
tion of- the reaction mixture gave yellowish orange solids. Kecrystall-
ization from dichloromethane-ether gave yellowish orange needle-like
crystals (m.p.140-3°C, 72 mg, 41%). N.M.R.: 3.14 ppm (s, 2H, methy-
lene),'5.59 ppm (s,br., 4H, exchangeable with D2O, hydrazine protons),
6.20, 6.60 ppm, (A2X2, 4H, vinyl), 7.44 ppm(s, 2H, vinyl protons on the
side chain) I.R. (KBr disc): 3392, 3284 cm-1 (N-H stretching),
1104 cm 1 (C=N stretching) U.V. (95% ethanol) : 264 nm (log E = 4.32)9
360 nm (log E, = 3.46) M.S.: M =.176 (C9H12N4 requires 176),
(M-NH2)+ = 160 Analysis C: 61.39, H: 6.65, N: 32.14 (C9H12N4
requires C: 61.34, H: 6.86, N: 31.79). The product was cyclohepta-
triene-1,6-dialdehyde- bis-hydrazone (55).
The filtrate obtained from above was concentrated. An oran-
e solid was obtained. Recrystallization from 95% ethanol furnished
60
orange crystals (m.p. 156-8°C, dec). The product weighed 14 mg (5%).
N.M.R.: 3.02 ppm (s, 4H, methylene), 6.30, 6.70 ppm (A2X2, 8H, vinyl),
7.86 ppm (vinyl protons adjacent to nitrogen atom) I.R.: (KBr) :
1686 cm-1 (C=N stretching); U.V. (95% ethanol) : 266.5 nm (log = 4.25):
M.S.: M+ = 288 (C 1.8H 10NA requires 288) Analysis: C: 74.59, H:
5.24, N: 19.09 (C18H16N4 requires: C: 74.98, H: 5.59, N: 19.43).
The product was 3,4,13,14-tetraaza-tricyclo [14,4,1,16,11] docosa-1(20),
2,4,6,8,10,12,14,16,18-decaene (56).
Reaction of cycloheptatri.ene-1, 6-dialdehyde (31) with N-phenyl-1, 2 , 4-
triazoline-3,5-dione
A 16,0 mg (1 mmol) of compound(31) was dissolved in 50 ml of
anhydrous acetone. A solution of N-phenyl-1,2,4-triazoline-3,5-dione
was prepared by addition of 163 mg (1.5 mmol) of tert-butyl hypochlo-
ride to 4-phenylurazole (200 mg, 1.1 mmol) in 20 ml of anhydrous acetone
cooling in an acetone-dry ice bath. The chilled red triazoline-dione
solution was then added dropwisely to the dialdehyde solution at 0°C.
The red colour of triazoline-dione persisted. After standing at room
temperature for 2 days, the solution was concentrated. Brownish solids
were obtained. Washing with ether gave brownish-yellow solids which
were identified as the starting dialdehyde (31) through the N.M.R.
spectroscopy.
Reaction of cyclcheptatriene-l,6-dicarboxylate (8) with N-phenyl-1,2,4-
triazoline-3,5-dione
Triazoline-dione (prepared by the above method) was added to
a solution of 220 mg 0 mmol) of compound(6) in 50 ml of anhydrous
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acetone at 0°C. The solution was allowed to stand for 2 days. Concen-
trating the solvent gave red tar. On recrystallization with dichloro-
methane-pet. ether gave pale yellow needles which was identified as
the starting diester (8) by N.N.R. spectroscopy.
Reaction of cycloheptatriene-1,6-dialdehyde (31) with urea
To a solution of 100 mg (0.67 mmol) of compound(31) in 100
ml of absolute ethanol, was added dropwisely 40 mg (0.8 mmol) of urea in
50 ml of absolute ethanol. After completion of addition, the mixture
was refluxed for 3 days. bolven t was evaporated to give brownish so-
lids. Washing with water and recrystallized with ether-pet-ether gave
yellow solids which were identified as the starting dialdehyde through
the N .M.R. spectroscopy.
Reaction of cycloneptatriene-1,6-dialdehyde (31) with phenylene diamine
A sample of 100 mg (0.67 mmol) of compound(31) was dissol-
ved in 50 ml of sodium dried benzene. To this solution, a 72 mg (0.67
mmol) of phenylene diamine in 27 ml of dried benzene solution was
added dropwisely at 0°C. The mixture was stirred at 0°C for addition-
al 3 hours t then at room temperature overnight. The yellow. insol
uble precipitate (80mg) was filtered and the filtrate was concentrated
to give red tar. Chromatograpay on silica gel with chloroform-methanol
(9:1) as eluant gave small yield of yellow solids. Recrystallization
from dichloromethane-pet. ether gave yellow needles (m.p. 185-7°C, dec)
The product weighed 38 mg (29%). N.M.R.: 3.66 ppm (s, 1H, methylene),
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3.70.ppm (s, 1H, methylene), 6.80 - 7.70 ppm (2 overlapping A2X2, 8H,
vinyl and phenyl), 7.63 ppm (s, 2H, vinyl protons adjacent to nitrogen
atoms); U.V. (95%o ethanol) : 245, 302 nm (log £ = 4.03 and 4.01 res-
pectively); M.S.: M+ = 220 (C15H12N2 requires 220), (M-2H-HCN)+=
191; Analysis: C: 841-50t H: 5.64, N: 13.09 (C15H12N2 requires
C: 81.79, H: 5.49, N: 12.72). The product was 2,3-benzo-1,4-diaza
6,11-methano- [14) annulene (64).
Reaction of 1,E-cycloheptatriene-1,6-dicarbaldehyde (31) with ethylene-
diamine
To a solution of 180 mg (1.0 mmol) of compound(31) in 50 ml
of chloroform, a solution of 60 mg (1.0 mmol) in 25 ml of chloroform
was added dropwisely at 0°C. The mixture was then stirred at 0°C for
additional five hours and at room temperature over - night. Evapora-
ting solvent gave an intensely yellow oil (170 mg). N.N.R. spectrum
indicated that the oil was an impure sample of cycloheptatriene-1 ,6-
dicarbaldehyde-bis-aminoethylimine (68). N.M.R.: 2.91 ppm (t, J = 8
Hz, 4H, methylene), 3.59 pPm(t, J = 8 Hz, 4H, methylene), 4.63 Ppm
(bs, amino protons), 3.23 ppm (s, 2H, methylene protons in the cyclo-
heptatrienebridge), 6.55, 6.65 ppm (A2X2, 4H, vinyl). Attempted
purification by chromatography over silica gel gave yellow solids which
was identified as the starting diald€hyde by N.M.R. spectroscopy. No
further investigations were carried out.
Bromination of 3,5-diacetyl-heptane-2,6-dione (73)
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To a solution of 4.4, g (20 mmol) of compound('(3) in 50 ml
of dichloromethane, a solution of 3.18 g (0.02 mol) of bromine in 20
ml dichloromethane was added dropwisely. The red colour of bromine
discharged rapidly and the evolved hydrogen bromide gas was trapped by
water. The resultant mixture was allowed to stand for additional one
hour. The mixture was then washed with 10`% sodium carbonate solution,
then with water and dried over anhydrous magnesium sulphate. Solvent
was evaporated to give yellow solids. Recrystallization from dichioro-
methane-pet. ether gave pale yellow needles (m.p. 94-95°C). The prod-
uct weighed 2.0 g (35.2%). N.M.R.: 2.60 ppm (s, 3H, methyl), 2.62 ppm
(s, 3H, methyl), 2.70 ppm (s, 2H, methylene), 6.94 ppm (s, 1H phenyl),
8.36 (s, 1H, phenyl), 13.09 ppm (s, 1H, exchangeable with D20, phenol-
ic) I.R.: 3280 cm-1 (0-H stretching), 1677 cm-1 (C=0 stretching)
U.V. (95% ethanol): 246.5, 265, 323 nm (log e = 4.56, 4.06, 3.50 res-
pectively) M.S.: M = 270 (C11H11Br03 requires 270), (M+2) = 272,
(M-Br)+= 191, (M-BrCH2)+= 1'('(. The product was 2,4-diacetyl-5-bromo-
methyl-phenol (76).
Reaction of 3, 5-diacet_yl-heptane-2,6-dione (73) with hydrazine hydrate
A 2.2 g (10 mmol) sample of compound(73) was dissolved in
40 ml of absolute ethanol. A solution of 1.0 ml (20 mmol) of 100%
hydrazine hydrate in 20 ml of absolute ethanol was added dropwisely to
the ketone solution. The reaction temperature was maintained at room
temperature by occasional cooling with an ice-bath. After completion
of addition of hydrazine solution, the resultant mixture was allowed
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to reflux for an additional hour. After evaporating the solvent, irreg-
ular crystals were obtained. Aecrystallization from 95/o ethanol gave
colourless rhombic crystals (m.p. 179-1800 C, 1.8g, 90% yield). N.M.R.
(methanol-d4): 2.04 ppm (12H, methyl), 3.45 ppm (2H, methylene), 5.10
ppm (N-H and hydroxyl protons of solvent) I.R.: 2928 cm-1 (N-H
stretching), 1593 cm-1 (C=N stretching), 1515 cm 1 (aryl-H) U.V.
(95o ethanol) : 225 nm (log £ = 3.57) M.S.: M = 204 (C1 1H16N4
requires 204), (M-CH 3) = 189 Analysis: C : 64-33P H: 7-939 N :
27.25 (C11H16N4 requires: C: 64.67, H: 7.88, N: 27.43). The prod-
duct wasbis -4-.(3-9 5-dim_ethylpyrazolyl )-methane . (79).
Reaction of bis-4- -dimeth 1 razol ethane (79) with hydrobromic
acid
A mixture of 1.0g(5.0 mmol) of compound (79) and 10 ml of
oncentrated hydrobromic acid was.heated to boiling for about 15 min-
rtes. After cooling to room temperature and evaporating the solvent,
ihite solids were obtained. Recrystalliztion from ethanol gave large
colourless crystals (m.p. 29'(-300OC9 dec.). The product weighed 1-72g
(801/6). N.M.R. (methanol-d4) : 2.28 ppm (s, 12H, methyl), 3.74 ppm
(s, 2H, methylene) I.R. (RBr disc): 2782 cm 1 (N-H stretching),
1587 cm-1 (C=N stretching), 1523 cm-1 (aryl-i-i) U.V. (95% ethanol:
225.2 nm (log E = 3.57). The product was bis-4-(3,5-m'ethy_lpyrazoliumn)
methane dibromide (60a).
Reaction of di- (2,5-dimethylpyrazolin e) methane (79) with hydroehlori
acid
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A mixture of 1.0 g (5.0 mmol) of compound(79) and 10 ml of
concentrated hydrochloric acid was heated to boiling for about 15 min-
utes. Working-up as the dibromide salt furnished bis-4-(3,5-methylpyra-
zolium)-methane dichloride (80b). The product weighed 1.3g (76%o, m.p.
2'(6-2*(8°C, dec.). N.M.R. (methanol-d4) : 2.31 ppm (s t 12H, methyl),
3.'(6 ppm(s, 2H, metnylene).
Bromination of bis-4-(3, 5--dimethylpyrazolyl) methane (79)
A 0.41 g (2 mmol) sample of compound(79) was dissolved in
150 ml of 95%0 ethanol. A solution of 0.32g (2 mmol) of bromine in
10 ml of 95/0 ethanol was then added dropwisely to a slightly warmed
solution of (79). The colour of bromine discharged rapidly. Hydro-
gen bromide gas was evolved and was trapped by water. After complet-
ion of addition, the resultant mixture was stirred at room temperature
for additional one hour. The solvent was evaporated and white solids
were obtained. Recrystallization from 95 ethanol gave large rhombic
crystals (m.p. 319-3210 C, dec.). The product weighed 1.8 g (50%).
N.M.R. (methanol-d4): 2.09 ppm (s, 12H, methyl), 3.44 ppm (s, 2H, me-
thylene) I.R. (Kiir) 1617 cm (C=N stretching) U.V. (95i6 eth-
anol): 226 nm (log . = 3.58) Analysis: C: 36.25, H: 4.95, N:
15.51 (C11H16N4Br2:requires: C: 36.31, H: 4.43, N: 15.40). The
nvnr3vnt wpq .bis-4-(N-bromo-3.5-dimethylpyrazolyl)-methane (81).
Preparation of bis(2,0--dioxo-cyclohexyl) methane (85)
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A sample of 2.2 g (0.02 mole) of cyclohexane-1, 3-dione (84)
was dissolved in 15 ml of absolute ethanol. A solution of 0.8 ml
(0.01 mol) of 3'(%o formaldehyde was added dropwisely to the ketone sol-
ution with 2 drops of piperidine. The mixture was stirred for over-
night. The solid precipitated out was filtered and recrystallized
from methanol. Colourless rhombic crystald were obtained (m.p. 127-
128°C) . The crystals weighed 1*'( g (71%)* N.M.R.: 1.98 ppm (t, 5.5.
Hz, 4H, methylene), 2.39 ppm (t, 5.5Hz, 8H, methylene), 3.08 ppm (s,
1h, bridge methylene) I.R. (KBr disc): 2761 cm-1(enolic 0-H stre-
tching), 1'(80 cm-1 , 1!)86 cm-1 (C=0 stretching) . The product was
bis- (2 , 6-dioxo-cvclohexvl methane(85).
Preparation of bis 2,6-dioxo-4, 4-diniethylcyclohexyl )methane (87)
To a solution of 2.8 g (0.02 mol) of dimethone (86) in 25 ml
of absolute ethanol-was added dropwisely 0.8 ml (0.01 mole) of 37%
formaldehyde solution with 2 drops of p iperidin e . The mixture was
stirred over.---night. The solids precipitated out was filtered and
recrystallized from methanol. Colourless needles were obtained (m.p.
190-191°C). The product weighed 2.2 g (75%). N.N.H.: 1.08 ppm (s,
12 H, methyl), 2.22 ppm(s, 8H, methylene), 3.09 ppm(s,2ti, bridge me-
thylene) I .R. (K-8r disc) : 2880 cm-1 (enolic 0-H stretching),
1616 cm- 1 , 158x( cm 1 (c=0 stretching). The product was bis-(2,6-
dioxo-4, 4-dimethylcyclohexyl) methane (87).
Reaction of bis (2, o-dioxo-cyclohexyl) methane (85) with hydrazine hyd-
rate
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A sample of 0.5 g (2 mmol) of compound(85) was dissolved in
100 ml of absolute ethanol. To this solution, a solution of 0.2 ml
of 100% hydrazine hydrate (4 mmol) in 50 ml of absolute ethanol was
added dropwisely at 00C. Pale yellow solids were precipitated out
about 10. minutes after completion of addition. The precipitates were
filtered and was found to be insoluble in most of organic solvents.
Further investigations were abandoned.
Reaction of b4.s-(2,6-dioxo-4, 4-dimethylcyclohexyl) methane (87) with
hydrazine hydrate
A solution of 2.5 ml (0.05 mol) of 1007 hydrazine hydrate
in 270 ml of absolute ethanol was added dropwisely to a solution of
7.0 g (0.024 mol) of compound(87)in 750 ml of absolute ethanol at
0.C. The solution was stirred over - night.. The solvent was eva
porated and a reddish tar was obtained. Chromatography on silica gel
with dichloromethane-ethyl acetite (15:1) as eluant furnished two
products.
The first eluted product was recrystallized from ethanol to
give yellowish solids (m.p. 155-151°C.). The product weighed 3.4 g.
N.M.R.: 1.05 ppm (s, 12H), 2.04 ppm (s, 4H), 2.16 ppm (s, 2H), 2.25 ppm
(s, 4H), 2.65 ppm (bs, 1H), 2.75 ppm (bs, 1H), 3.24 ppm (bs, 2H). The
structure of the product was unknown.
The second eluted product was recrystallized from 95%6 ethanol
and orange rhombic crystals were obtained (m.p. 235-7°C) . The product
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weighed 0.83 g (12%). N.M.R.: 1.06 ppm (s, 12H, methyl), 2.20 ppm (s,
4H, methylene protons adjacent to the carbonyl group), 2.53 ppm (s, 4H,
methylene protons adjacent to the imino group), 3.00 ppm (bs, 211, bzidge
methylene), 3.25 ppm (so 2H _methine) I -R-: 3334, 3212 cm-1 (enolic
0-H stretching), 1618 cm-1 (C=0 stretching), 1576 cm-1 (C=N stretch-
ing) U.V.(95% ethanol): 239, 243, 249, 273 nm (log ●= 3.33, 3.34,
3.34, 3-12)' M.S.: M+ = 288 (C17H24N.202 requires 288)(M-CH
3
237 Analysis: C: 70.'t8, H: 8.43, N: 9.21 (C1,(H24N202 requires
C : 70.80, H : 8.39, N : 9.70). The product was (661313-tetra-
methyl -9,10-diaza-tricyclo [9,4,o,o3] pentadeca-8, 10-diene-4,15.-dione (89) .
Preparation of 3 , 5.:8='P-di- (2,2'-dimethyl-trimethylene)-1.2,6,7-tetraaza
4,9-methano [10]annulene (91)
To a solution of 500 mg (1,7 mmol) of compound(89) in 150
ml of absolute ethanol at room temperature was added dropwisely a sol
ution of 340 mg (7.0 mmol) of anhydrous hydrazine. After completion
of addition, the reaction mixture was refluxed overnight. Solvent
evaporating gave yellowish-orange crystals. Recrystallization from
95% ethanol gave yellowish-orange needles (m.p. 268-2710, dec.). The
product weighed 54 mg (11%) N.M.R.: 1.17 ppm (s, 12H, methyl),
1.20 ppm (s, 2H, bridged methylene), 3.28 ppm (s, 8H, methylene)
I.R. (XBr disc): 1514 cm-1 (C=N stretching) U.V. (95% ethanol):
259,261,276.5,286,298,310 nm (log S= 3.75, 3.8, 3.75, 3.66, 3.72,
3.66 respectively) M.S.: M+ = 282-(C17H22N4 requires 282),(M-CH3)+=
267, (M-N2)+ = 254 Analysis: C: 72-31, H: 7.85, N: 19.54 (C17H22N4
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Dimethyl 2,3-diaza-1,2,3,4-tetranydronapthalene-2,3-dicarboxylate (39)
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9 8 7 6 5 4 3 2 1 ppm
dimethyl 3,4-diaza-11-oxa-bicyclo[4,4,1] undeca-1(10),6,8-triene-3,4-
dicarboxylate (42)





9 8 7 6 5 4 3 2 1 ppm
3,4-diaza-11-oxa-bicyclo[4,4,1] undeca-1(10),6,8,-triene (43)




9 8 7 6 5 4 3 2 1 ppm
1,7-di-(bromomethyl)-oxepin (47)
500 400 300 200
100 OCPS
9 8 7 6 5 4 3 2 1 ppm
unknown(1) -- dehydrobrominated product of compound(54)








9 8 7 6 5 4 3 2 1 ppm






9 8 7 6 5 4 3 2 1 ppm
2,3-benzo-1,4-diaza-6,11-methano [12] annulene (64)

























































400 300 200 100
OCPS
9 8 7 6 5 4 3 2 1 ppm
unknown(2) -- compound(88)
500 400 300 200
N O
N O
9 8 7 6 5 4 3 2 1 ppm
6,6,13,13-tetramethy1-9,10-diaza-tricyclo [9,4,0,03,8]pentadeca-8,10-
diene-4,15-dione (89)
500 400 300 200 100
N N
N N





380 400 420 440 460 480 500 520 540 560 580 600 620 640
230 240 250 260 270 280 290 300 310 320 330 340 350 360
(nm)
3,5:8,10-di-(2',2'-dimethyltrimethylene)-1,2,6,7-tetraaza-4,9-methano
[10]annuleno (91)


